Introduction
During the past decade considerable attention has been given to the concept that the nutrition of the high-producing cow cannot be described adequately by extrapolation of results from low-producing animals. The previous paper (13) described some difficulties in doing an extrapolation of this type for digestive efficiency in the high yielding cow. In this paper we will describe the extent of variation in the use of digested energy for milk production. Application of this information to practice also requires consideration of three general areas of animal input-output relationships: prediction of milk yield, efficiency of energy use or energy requirements of animals in various physiological states, and energy value of specific feedstuffs.
Prediction of Milk Yield
Before discussing factors that influence the energetic efficiency of milk production we must distinguish between factors that influence total milk yield and those that influence energetic efficiency. The former are illustrated in Fig. 1 . The amount of milk produced bv a given animal is the result of a combination of factors that influence the animal's physiological capacity to produce milk and the amount of nutrients offered the animal. The former inelude genetic status of the animal, its nutritional history, and stage of lactation. These factors influence the current physiologic state of the animal and its ability to produce milk. The nutrition and type of diet influence the nutrients presented to the animal which are available for milk production. Nutritionists Fic. 1. Factors that influence total milk yield. The first three determine the producing ability of the animal, whereas the last two determine the type and amount of nutrients available to the animal. manipulate these last two factors to increase total milk yield.
The classical experiments of Broster et al. (3) demonstrated that adequate nutrition is important for milk production, not only in early lactation but in later stages of lactation as well. Undernutrition in early lactation resuited in permanent impairment of potential for milk production. Adequate nutrition in later lactation did not permit those animals to produce milk equal to animals fed adequateIv in early lactation. These data are in Fig. 2 .
With increasing nutrition, an increasing amount of energy is diverted into body fat production. The uncertainty regarding distribution of energy between milk and body tissue is referred to as the "partition problem." Extent of body fattening is a function of both the genetic ability of the animal and the total energy in the diet. In addition to these factors nature of the diet or type of diet influences the partition of energy between milk and body fat at an energy intake. An increased proportion of energy was diverted into body fat by infusion of propionate in lactating goats in experiments described by Armstrong (3) . Cows on low plane of nutrition in early lactation were not able to reach optimum produetion in later lactation despite adequate nutrition at that time.
(1). Flatt et al. (4) described the same phenomenon as a consequence of increasing the proportion of concentrate in the diet of lactating cows. Recent experiments in which 2.5 kg of either corn grain or beet pulp were added to the diet of cows near tissue equilibrium also showed this effect (12) . Of the total increase in energy balance by adding these two feeds, the proportion of energy recovered as milk was 17% for the corn grain and 70% for the beet pulp.
The partition problem in predicting milk yield is difficult because we cannot describe yet the interactions between genetic merit, diet quality, and intake in quantitative terms. Blaxter (2) described three general approaches in the partition problem. These are in Fig. 3 . The first is normally used in feeding standards. Energy requirements are defined for an animal in body energy equilibrium and therefore, the change in partition in feeding above or below this is avoided. The second approach is simply feeding ad libitum; the partition problem is thus ignored and animals consume feed to appetite at least until the animal becomes excessively fat. The third approach is the most difficult, that of predicting the animal response as total energy intake and type of diet are changed.
Waldo and Moore (15) discussed this problem and stated that the distribution of added feed energy to gain or to milk production depends on the distribution before addition. They refer to an unpublished proposal by C. D. Caskey that actual milk production for a full lactation could be described by the equation: Y = 5,000 (1--.951 "°22x) where X = kg total digestible nutrients (TDN) and the maximum production with unlimited TDN is 5,000 kg. This equation suggests that .32 kg TDN per kg FCM would allow 72% of maximum possible production for the lactation, a relationship that may be applied to cows of widely varying genetic merit (15) . A useful extension of this concept would be to identify the corresponding relationship for the distribution of energy for shorter times within a single lactation. 
APPROACHES TO PROBLEM

Definition of Efficiency
The proportion of total dietai T energy ingested that is recovered as milk energy is termed "'gross efficiency." Because a substantial portion of energy is used simply to maintain the animal, milk vietd has a great effect on gross efficiency. Therefore, it is convenient to refer to the efficiency with which energy consumed in excess of maintenance needs is used for production. This is termed "net efficiency." Throughout this discussion the term "efficiency" will mean net efficiency for production of milk or of milk plus body tissue unless otherwise specified. Although the influence of dilution of maintenance cost on gross efficiency is avoided, the use of net efficiency requires a clear understanding of the way the maintenance cost and thus nutrients consumed in excess of maintenance are computed or measured.
There are two definitions of maintenance. The first is the biological definition: the pro- 
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FIc. 5. Only small variation in ME used for milk production and this seems to be due to change in the composition of the diet.
we cannot do so in the producing animal. The separation of the total energy requirement of the lactating cow into maintenance and pro- 
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Fxc. 6. Relationship between milk energy and ME intake; tissue balance is ignored.
IOURNAL OF DAIRY SCI/~NCE VOL. 58, NO. 4 duction components is artificial. Any time the animal is losing body tissue energy, she is below maintenance, even ff consuming several times the quantity needed to maintain a nonproducing an~al of the same size. The division of total requirements for this animal into maintenance and production components is mathematical rather than biological. This second method of partitioning the total energy requirement into production and "maintenance" components defines the requirement for milk production: the part of the total requirement that is strictly proportional to the amount of milk produced. The rest is attributed to maintenance and is generally considered proportional to body weight raised to the .75 power.
The maintenance requirement has a large influence on the observed efficiency of milk production, as shown in Fig. 4 . In summarizing a large number of energy balance measurements from our laboratory, we observed an average ME intake of 275 kcal/kg .r~ and NE of 99 kcal/kg .r~. To compute efficiency of milk production we must first make an assumption about maintenance. If maintenance is 131 kcal ME/kg -75, the computed efficiency of milk production from ME is 69%. However, if we assume maintenance to be 110 kcal ME/kg -Ts as our data indicate, the average efficiency of milk production is 60%. The large difference between 69 and 60% is a function simply of the maintenance requirement assumed. Thus, some of the difference in reported efficiency of milk production can be accounted for by interpretational differences rather than variation of the biology of the animal.
The contribution of various factors to variation in energetic efficiency is in Fig. 5 . There is little evidence that energetic efficiency varies with milk yield, stage of lactation, or breed of animal. There is variation due to composition of the diet (6, 14) , and some circumstantial evidence indicates variation due to milk composition (11) . The lack of variation in efficiency of milk production associated with milk yield is true only for the energetic efficiency of milkproduction itself. If for a given animal metabolizable energy intake is varied, the ani- Fro. 7. Body tissue energy balance for the same trials as those represented in figure 6 . The wide scatter of the points is a function of the appetite of the animals and the feed management practices. FIG. 8. When milk production and tissue energy balance are combined into total energy balance, their relationship with ME intake is greatly improved and can be described by a linear hmetion. mal will respond not only by changes in milk production but also by changes in body tissue deposition. Thus, energetic efficiency can be measured only by simultaneous measurement of the extent of gain or loss of body tissue. Fig.   6 , 7, and 8 show the importance of accounting for changes of body tissue in describing energetic efficiency.
In Fig. 6 , total milk production is shown as a function of metabolizable energy intake for data fi'om two diets involving 60% corn silage and 40% concentTate. These points are widely scattered because the proportion of energy, for body tissue was not considered. Fig. 7 shows the body tissue balance of the same animals. The tissue balance also showed considerable variation and tended to vary more for higher producing animals than lower producing animals. This is a function of appetites of the animals and management practices. When these two figures are combined in Fig. 8 , we see that the total energy balance for these same trials provides a much better fit and can be described adequately by a linear function. This linear relationship between ME intake and energy balance leads to the conclusion that milk is secreted with essentiallv constant efficiency over wide ranges of milk yield. Even adding results of another experiment in Fig.  9 provides a reasonably close fit for these data. 10 . Representation of the constancy of efficiency of ME used for total energy balance at all production. Each succeeding increment of energy intake returns the same energy output.
In this figure, the data are described in NEmi lk rather than simple total energy balance. Figures are adjusted for body tissue gain and loss by constants derived from previous experiments (6) .
Energy balance data of this type have been used to study the degree to which the efficiency of milk production varies with changes in the nature of the diet. Van Es et al. (14) coneluded that efficiency of use of ME for milk production averaged 60% for diets of 56.4% ME and that the efficiency increased or decreased by .24% units as the concentration of ME was increased or decreased by 1%. In the same studies, they concluded that the amount of NE required for maintenance was 66 ENERGY OUTPUT .... ~Y2
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FIc. 11. In contrast to total energy balance, milk production is not linear with ME intake but is subject to diminishing returns in that an increasing amount of energy is diverted into body tissue energy at higher feed intakes. keal/kg .~ and that 1 kg of 4% milk contains 720 kcal of energy. Studies in this laboratory (6) indicated that the efficiency of milk produetion ranged from 61 to 64% as the ME content of the diet varied from 2 to 3 Mcal/kg DM. These computations were based on an assumed maintenance requirement of 73 keal NE milk per unit of metabolic body size (kg'r~). This is equivalent to about 116 kcal ME/kg "rS.
In studying the relationship between the NEmilk value of individual diets and other expressions of energy value, we were able to obtain estimates of the extent of variation in energetic efficiency. We found that the equation NEmilk (Mcal/kg DM) ----.36 + .677 DE (Meal/kg DM) was the best predictor of the net energy value for milk production. This equation implies that the energetic efficiency of DE use for milk production from diets of 2.4 to 3.4 Meal DE/kg DM would be 53 to 58%. We must emphasize again that this efficiency is computed by accounting for changes in body tissue energy. The effieieney values, therefore, are the type shown in Fig.  10 in which the change in energy output with increasing ME intake remains constant as opposed to Fig. 11 which shows the increasing diversion of energy into body fat at higher feed intake for a given animal. For an individual animal, the total amount of milk produced per unit of ME intake gradually declines although the total energy balance per unit ME intake may remain constant.
Energy Requirements and Energy Values of Feeds
The terminology to describe energy requirements depends on the variation in efficiency of production with digestible energy. For ex- (Table 1) . Similarly, with a range in efficiency of conversion of ME to milk of 61 to 64%, the requirement would be 1.21 to 1.16 Meal per kg 4% FCM (Table 2 ). An alternative method of recognizing variation in efficiency is that used with the net energy system. With this approach the variation is included in the statement of energy value of feeds rather than in the metabolic requirement of the animal. To be as correct as a net energy system, the DE or ME system requires a variation in requirements depending on the na~tre of the diet. The requirements for DE and ME are shown in Tables 1 and 2 . With the DE system, the DE values of the diet may be used directly, but DE requirement must be varied to account for variation in efficiency. When NE is used, the requirement is constant, but the NE value of the diet must be computed from the DE concentration. Either procedure is equally valid as long as variation in efficiency is taken into account and initial DE values are valid.
Energy Value of Individual Feedstuffs
Another paper in this symposium (13) described some of the difficulties associated with predicting the extent of digestion for specific feeds or diets by the lactating cow. Not only does the extent of digestion change for many diets with increasing intake, but also the digestion of a particular component of that diet may be influenced by the nature of the rest of the diet. Thus, intake and feedstuff interactions are important factors. Further research, however, has suggested that ME or NE values of feeds may be less sensitive to changes in intake than are digestibility values. Therefore on a theoretical basis, NE values should be less difficult to work with over a wider range of feed intakes than are DE values. In practice, a serious complication arises in prediction of net energy values-from digestibility data. Prediction equations described by Moe et al. (6) were based on relationships between net energy value and digestibility at the producing intake. Both measurements were during the same balance measurements. Data were not always available for the same feedstuffs fed to dairy cows at maintenance intake. Because tables of feed composition list digestibility of feeds at maintenance, the prediction equations for obtaining net energy values may not be used appropriately with those digestibility data. The consequence is illustrated by data from NRC (10). For corn grain as a test material, Fig. 12 shows the TDN and net energy values listed by NRC and for comparison the same values taken from Morrison (9) and also by Moe et al. (7) obtained from direct measurements. We see a discrepancy in the net energy value of corn grain, 2.42 for NRC compared with 1.98 from direct measurements. We also see that digestibility of corn grain by direct measurement is substantially below the value reported by either NRC or by Morrison. This discrepancy is too large to be accounted for simply by effects of intake. The values listed by NRC and by Morrison seem to be more representative of the digestion of corn grain by sheep (16) . Discrepancies have been similar for a member of different feedstuffs in this laboratory. Net energy values for specific feedstuffs in this laboratory between 1969 and 1972 have been described by Moe and Tyrrell (8) . These data are in Table 3 . These values do not represent necessarily the increase in available energy for the last increment of feed, but rather represent the average energy value of these ingredients in a total diet of a lactating cow consuming feed at 2.5 to 3.0 times that needed for maintenance. Thus, when these values are combined for normal rations, the resulting net energy value of the total ration is correct.
Morrison described net energy values that were derived from input-output experiments in which each feed was compared to corn grain as a reference material. The system is a corn unit system in which corn is assigned a value of 2.08 Mcal ENE per kg dry matter. This value is based on calorimetric experiments at Pennsylvania State University by H. P. Armsby and later by E. B. Forbes. Morrison used these values for both growing and fattening cattle and for lactating cows. Values which did not "fit" for lactating cows were changed, and a separate value was specified for dairy cows. Barley grain, for example, was assigned a value of 1.98 Mcal/kg DM for dairy cattle compared with 1.74 for other livestock. But the value of 2.08 for corn grain was used for all livestock, including dairy. Therefore, we are not sure whether the higher ,efficiency of milk production relative to that of fattening is accounted for by differences in feed values or by differences in requirements. What began as a system based on net energy value for fattening became intermediate between net energy for fattening and for milk production. Although Morrison's values contained considerable information on the value of feeds relative to corn grain under normal feeding conditions, verification of absolute values of feeds and animal requirements is impossible because of the arbitrary nature of the ENE unit of expression. Despite this deficiency many of the ENE values associated with specific feedstuffs appear to be closer to actual NEmi lk values than those currently listed by NRC (10) . This may be largely because Morrison's values were obtained under practical feeding conditions in feeding trials rather than by prediction from digestibility measures made at maintenance intakes. The feeding trial data would compensate automatically for effects of intake and associative effects.
Because of the arbitrary nature of the ENE unit, the requirement of ENE for milk production does not coincide with the energy value of the product. Whereas 1 kg of 4% milk contains approximately .74 Mcal energy, the stated requirement of ENE is .64 to .66 Meal per kg.
Conclusions
Upon reviewing the literature, available statements of nutrient requirements, and listings of energy values of feeds, we are impressed with the need to adopt and use units of expression which are well defined and not readily misinterpreted. This is particularly true for net energy systems which are invariably influenced by assumptions regarding either maintenance or relationships between values for growing-fattening animals and for milk production. When describing energy values and (8) . c National Research Council, (10) . Where no value was given for the exact feed description presented in this table the value for a similar feed was used ( e.g. barley grain instead of barley grain, grnd. ).
d Morriso~ (9) . e Value listed for well-eared, we/l-matured corn silage with no species specified. The value listed for dairy cattle not followed by pigs is 1.18 Mcal/kg DM. energy requirements, we should be more concernod with recognizing variation in the use of DE from different sources than with whether to use DE or NE. As shown in Tables 1 and 2, DE or ME values adequately describe the energy requirement when we consider the effect of energy density on the requirement per unit of milk.
Because the amount of energy required in excess of maintenance per unit of milk produced does not change with increasing milk production, it is inappropriate to state different requirements for high-producing cows and for low producers. The decreased nutritive value of some diets at high feed intakes most correctly can be accounted for by lowering the values of these diets as necessary. Manipulating the listed requirement of the animal will not be satisfactory because the change in nutritive value with increasing intake varies among diets.
